INTRODUCTION
The frequency of cholestatic jaundice is difficult to evaluate with certainty, but varies between 1:2500 and 1:5000 newborns [1] [2] [3] . The initial approach in the diagnosis of cholestasis is to distinguish between intrahepatic and extrahepatic causes, as the latter etiology requires early surgical intervention [4] . In general, intrahepatic neonatal cholestasis (IHNC) represents 2/3 of the cases of neonatal cholestasis [5] [6] [7] [8] [9] . The most common causes of IHNC are of infectious origin [10] [11] [12] . In septicemia, manifestations of hepatic origin represent only one component of the involvement of multiple organs, of which adequate treatment offers the best chance of recovery [13] . Any serious bacterial infections during the neonatal period can result in jaundice [14] ; however, there seems to be a more frequent association with urinary tract infections, especially when the pathogen is E. coli [15] . In addition, other
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www.wjgnet.com infections have been observed, such as syphilis, toxoplasmosis, rubella, and cytomegalovirus (CMV) [16] [17] [18] [19] [20] . Despite the many possible etiologies for IHNC [5] , 13%-78% of the cases have been reported to be idiopathic [21] [22] [23] [24] . Idiopathic IHNC implies that the liver suffers inflammatory alterations of unknown cause, with no evidence of blockage of the biliary tree, and infectious agents or metabolic errors have been ruled out [1, 25, 26] . There are cases of idiopathic IHNC which are considered spontaneous in which there is familial recurrence, therefore sporadic cases could possibly consist of a viral injury or another environmental factor that affect the transitory form of the immature liver of the newborn; however, the characteristics are similar in both cases [13, 27] . Liver biopsy is currently used to confirm the clinical diagnosis and to assess the degree of necroinflammatory injury or fibrosis. Most studies of percutaneous liver biopsy are retrospective analyses and the aim is usually to differentiate biliary atresia from neonatal hepatitis [12, 21, [28] [29] [30] [31] [32] .
There are no data available in the literature pertaining to the histologic features present in neonatal hepatitis to aid in the differential diagnosis of IHNC. The objectives of the present study were to analyze and compare the histologic features of the liver in IHNC of infectious, genetic-endocrine-metabolic, and idiopathic etiologies, in the search for features which can facilitate the diagnostic process.
MATERIALS AND METHODS
Eighty-six patients submitted to liver biopsy during IHNC investigation between March 1982 and December 2005, 72 from the State University of Campinas Teaching Hospital (UNICAMP) and 14 from the Children's Institute of the University of São Paulo (USP). Among the 86 hepatic biopsies, 5 were surgical and 81 were percutaneous. The inclusion criteria consisted of jaundice beginning at 3 mo of age and hepatic biopsy during the first year of life.
In order to establish the etiology of IHNC, the following were reviewed: serum alpha-1-antitrypsin, sweat sodium and chloride test, innate metabolic errors in urine, polymerase chain reaction for CMV antigenemia, and serology for CMV, human immunodeficiency virus, hepatitis B virus (HBV), hepatitis C virus (HCV), Epstein-Barr virus, rubella virus, Toxoplasma gondii, and T. pallidum.
Seven histologic variables were evaluated by means of an investigation protocol: cholestasis, eosinophilia in the inflammatory infiltrate, presence of giant cells, erythropoiesis, siderosis, portal fibrosis and the presence of a septum. Siderosis and cholestasis were evaluated by Perls' staining and portal fibrosis and the presence of a septum by Masson staining.
The histologic variables (cholestasis, eosinophilia in the inflammatory infiltrate, presence of giant cells, erythropoiesis, siderosis and portal fibrosis) were classified according to the degree of intensity using a grading system ( Table 1) . The histologic variable, septum was classified by: presence or absence.
Ethical aspects
The present research study was approved by the medical research ethics committees of both institutions. Informed consent was not required because liver biopsies were performed during the course of clinical evaluation.
Statistical analysis
In order to verify associations between categorical variables, the c 2 test was used. When the expected values were < 5, the Fisher's exact test was used [33] . Significance was established as P ≤ 0.05 in all tests. The computer software used was SAS for Windows, version 8.02 (SAS Institute Inc., Cary, NC, USA).
RESULTS
Based on the etiology of IHNC, the patients were classified into three groups: group 1 (infectious; n = 18), group 2 (genetic-endocrine-metabolic; n = 18), and group 3 (idiopathic; n = 50). The etiologies of IHNC are presented in Table 2 .
Twenty-seven patients were females and 59 were males. Patients were predominantly boys in all 3 groups (P = 0.407).
The mean age at the time of liver biopsy was as follows: group 1, 2 mo and 15 d (range, 1-6 mo and 9 d); group 2, 2 mo and 15 d (range, 1-6 mo and 8 d); and group 3, 2 mo and 24 d (range, 13 d-9 mo and 5 d). There were no statistical differences among the groups (P = 0.428). Table 3 shows values for birth weight, weight during the first medical visit and stature at birth for the groups. There were no significant differences among the groups according to the variables: weight during the first medical visit and stature at birth. However, a significant difference was observed for birth weight, which was lower in group 1 in relation to groups 2 and 3 (P = 0.014).
The degree of cholestasis was not significantly different between the 3 groups studied (P = 0.078; Figure  1A ). The presence of giant cells, graded as absent, mild, moderate, and severe in groups 1, 2, and 3 did not show any significant differences (P = 0.144; Figure 1B) .
The presence of eosinophils in the inflammatory infiltrate did not differ when the genetic-endocrinemetabolic and/or idiopathic groups were compared (P = 0.056; Figure 1C ). A significant difference was observed for to the variable, erythropoiesis in group 1 (P < 0.05; Figure 1D ).
With respect to siderosis, there was no correlation with the etiology of IHNC (P = 0.973; Figure 1E ).
With respect to progression of IHNC to chronic stages, portal fibrosis (Fisher's exact test P = 0.86) and the presence of a septum (c 2 = 3.83; P = 0.147) were not related to the etiology of IHNC ( Figure 1F and G).
DISCUSSION
Liver biopsy is recommended for the diagnosis of cholestasis of unknown etiology. The interpretation of a single liver biopsy in a child with neonatal cholestasis is limited by the dynamics of the disease. Interpretation of the biopsy findings is pathologist-dependent and requires experience [4, 33] . Most studies involving percutaneous liver biopsies are retrospective analyses, using the clinical course, surgical or autopsy results as a gold standard. However, the goal is usually to differentiate biliary atresia from neonatal hepatitis [21, [28] [29] [30] [31] [32] . Many cholestatic conditions are expressed differently with time. Liver biopsy can also provide disease-specific findings. Examples include PAS-positive granules in alpha-1 antitrypsin deficiency, paucity of ducts in Alagille syndrome, necroinflammatory duct lesions in sclerosing cholangitis, and other findings that are relatively specific for metabolic and storage diseases [4, 34, 35] . Hepatic erythropoiesis was more evident in INHC of infectious etiology. This was not clear in the idiopathic group, which was likely due to the participation of an undetected infectious agent. On the other hand, hepatic erythropoiesis strongly suggests an infection.
Fetal hematopoiesis has an onset in the beginning of gestation. Initially, hematopoiesis is restricted to the vitelline bag up to the gestational age of 6-8 wk, when the liver starts to be the predominant organ of production.
At 20 wk, the bone marrow becomes the main organ of hematopoiesis and remains as the primary reservoir for the circulating population of immune cells. However, when there are infectious processes, hepatic production persists [34] . The presence of eosinophilia in the inflammatory infiltrate, an important marker of neonatal hepatitis [35] , did not show significant differences when compared to the genetic-endocrine-metabolic and/or idiopathic groups. The degree of cholestasis, a morphologic variable, which is extremely important for the differential diagnosis of extra-and intra-hepatic cholestasis, did not show a significant difference between the 3 patient groups. Similar findings were observed in relation to progression to chronic stages, demonstrating that portal fibrosis or a septum is not related to the etiology of the process. In relation to siderosis and the presence of giant cells, our findings did not demonstrate any correlation with the etiology of IHNC.
In conclusion, there are no data available in the literature analyzing the histologic features usually present in neonatal hepatitis in the differential diagnosis of IHNC. There were no significant differences among different etiologies of IHNC in relation to the following histologic features: cholestasis, eosinophilia, giant cells, portal fibrosis, the presence or absence of a septum, and siderosis. A significant difference was observed in IHNC of infectious etiology, which presented with more severe www.wjgnet.com Table 3 Clinical characteristics of the patients during the first evaluation, in accordance with groups 1 (infectious), 2 (genetic-endocrine-metabolic) and 3 (idiopathic) A significant difference was observed for birth weight, which was lower in group 1 in relation to groups 2 and 3 (P < 0.05).
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Figure 1 Results of analysis of histologic features present in intrahepatic neonatal cholestasis (IHNC).
A: Cholestasis: there was no significant difference between the 3 groups studied (P > 0.05); B: Giant cells: there was no significant difference between the 3 groups studied (P > 0.05); C: Eosinophils: there was no significant difference between the 3 groups studied (P > 0.05); D: Erythropoiesis: there was a significant difference in group 1 (P < 0.05); E: Siderosis: there was no significant difference between the 3 groups studied (P > 0.05); F: Portal fibrosis (graded as absent, mild, moderate, and severe): there was no significant difference between the 3 groups studied (P > 0.05); G: Septum (graded as absent or present) in groups 1 (infectious), 2 (genetic-endocrine-metabolic) and 3 (idiopathic): there was no significant difference between the 3 groups studied (P > 0.05). In the present study, erythropoiesis was more severe in cases of infectious etiology than in genetic-endocrinemetabolic and idiopathic etiologies and should prompt an investigation for infection.
COMMENTS

Background
Seven histologic variables were evaluated in 86 patients submitted to liver biopsy during intrahepatic neonatal cholestasis (IHNC) investigation: cholestasis, eosinophilia in the inflammatory infiltrate, presence of giant cells, erythropoiesis, siderosis, portal fibrosis and the presence of a septum. There were no significant differences among the different etiologies of IHNC in relation to: cholestasis, eosinophilia, giant cells, portal fibrosis, the presence or absence of a septum, and siderosis. A significant difference was observed in IHNC of infectious etiology, which presented with more severe erythropoiesis than the genetic-endocrine-metabolic and idiopathic etiologies and should prompt an investigation for infection.
Research frontiers
Because of the several possible diagnoses with similar clinical presentation we need to look for features that can help in the diagnostic process of IHNC and a scoring system for histologic features could be useful.
Innovations and breakthroughs
The initial approach of liver biopsy is usually used to distinguish between intrahepatic and extrahepatic neonatal cholestasis. This is the first study to analyze standardized histologic features usually present in IHNC (cholestasis, eosinophilia in the inflammatory infiltrate, presence of giant cells, erythropoiesis, siderosis, portal fibrosis and the presence of a septum) in the differential diagnosis of IHNC.
Applications
Liver biopsy should be interpreted by a pathologist with expertise in pediatric liver disease.
Terminology
Cholestasis, eosinophilia in the inflammatory infiltrate, presence of giant cells, erythropoiesis, siderosis, portal fibrosis and the presence of a septum are histologic features usually present in neonatal hepatitis. A scoring system for these histologic features was used in the differential diagnosis of IHNC.
Peer review
